Genetic antigens of human immunoglobulin G (Gm factors) were measured in members of the families of selected patients with primary immunodeficiency. The sera of seven out of 27 heterozygous relatives had either deficient concentrations of one Gm allotype or an unbalanced ratio of Gm(f)/Gm(a). Since these markers for allelic IgG1 genes are found in almost equal amounts in normal heterozygous persons, the results suggested that there was a quantitative deficiency in the expression in serum of one Gm gene. In several families allotype abnormalities were found in three successive generations; in one instance the quantitative defect appeared to segregate independently of the Gm genes. The experimental data failed to support a recessive gene hypothesis, in that too few of the close relatives had evidence indicating that they were carriers of defective Gm genes. The results were interpreted as consistent with an inherited regulatory defect in certain families with this disorder.
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Members of the families of individuals with adult onset of primary hypogammaglobulinemia often have abnormalities in the amount of serum immunoglobulin and in the response of peripheral blood lymphocytes to mitogenic stimulation, as well as frequent clinical problems (1, 2) . These observations suggest that this immunologic disorder involves a genetic defect; however, analyses have failed to reveal a clear mode of inheritance. Recent reports have noted a failure of allelic expression in family members. Quantitative measurements of the immunoglobulin antigens were not available, but the possibility of a defective regulatory gene was nonetheless raised on the basis of altered phenotypic expression (3) .
A recently developed method for quantitative measurement of human IgG allotypes (Gm factors) permits detailed analysis of Gm gene products (4, 5) . This method is particularly useful for the study of individuals who are heterozygous at the IgG gene loci, for which test reagents that detect antithetical Gm markers are available (6 Gm(a) = (1); Gm(f) = (4); Gm(g) = 21; Qm(b) = (5); Gm(z) = (17).
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The primary purpose of the study was to determine whether members of the families of certain patients with primary immunodeficiency had quantitative allotype aberrations suggesting they were carriers of defective genes. The frequent appearance in certain families of disproportionate amounts of Gm antigens permitted analysis of the pattern of segregation of allotype defects; evaluation of these data suggested certain postulates (see Discussion) regarding the nature of the genetic abnormality.
MATERIALS AND METHODS
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Sera from selected families were tested (age and sex of subjects, all Caucasians, are listed in Table 1 ). All probands were adults diagnosed as having primary variable immunodeficiency, with the exception of family RE (7). The RE proband was a 6-year-old boy, who, because of his relatively high IgG and the lack of immune deficiency in other male relatives, was not a typical case of X-linked hypogammaglobulinemia. One other member of family STR (II2, see Fig. 2 ) also had primary hypogammaglobulinemia. None of the subjects had received recent blood transfusions or y-globulin therapy. Routine Gm typing in test tubes was performed on all samples for Gm(a), (bO), (f), (z), and (g), as described (8) . To be sure that low amounts of Gm antigen were not overlooked, all homozygous samples were tested undiluted as well as at the usual 1:10 dilution. IgG, IgM, IgA, and kappa and lambda light chains were measured by the radial diffusion method with monospecific antiserum (9, 10 Gm(f+a+b+g+) sera are heterozygous for Gmza,g/b,f; Gm(f+a-b+g-) and Gm(f-a+b-g+) sera are homozygous for Gmb,f/b,f and Gmg,za/g, za, respectively. t The ratio of the mean 4iSD sera concentrations of a normal Caucasian population is seen with the 2-SD range in parentheses below. In the data given for each serum sample italicized values indicate a ratio significantly outside of the normal range. ¶ Mean ± SD (range) are shown below the class (9) .
tained from the heterozygotes of this group. Allelic imbalance was defined as present when the Gm(f)/Gm(a) ratio of a heterozygous serum was less than 0.44 or greater than 1.92 (i.e., 42 SD from the 1.17 mean of the normal population) (11) . Serum values for each phenotype are listed in Table 1 . Results obtained for allelic concentrations are consistent with published data on IgG subclass antigens in Caucasian sera (12) (13) (14) .
RESULTS
Seven sera from the SP, STR, and DE families out of 27 heterozygous samples tested had an imbalance in the concentrations of allelic IgG1 gene products (these sera are italicized in Table 1 ). Three of these sera (SP I,, SP III1, and STR III,) had amounts of one Gm factor 2 SD below the phenotype mean and were absolutely deficient. The remaining four abnormal samples had allelic imbalance, as reflected in the distorted Gm(f)/Gm(a) ratio. This latter finding indicated a disparity between the expressions of isoallelic IgGi genes, that was much greater than that characteristic of the normal control population of heterozygotes (Table 1) (11) .
The possibility that a monoclonal population of immunoglobulin molecules was responsible for the discrepancy in allelic concentrations was considered. The seven samples were examined by cellulose acetate electrophoresis and immunoelectrophoresis against specific IgG1, IgG3, IgG4, Fd, Fab, K (kappa-type immunoglobulin light chains), and X (X-type immunoglobulin light chains) antisera. There was no restricted electrophoretic or immunoelectrophoretic distribution. Kappa/lambda ratios of three samples (family SP II, III, and family STR III,) were normal. The concentrations of the IgG1 and IgG3 subclasses were determined in these sera and were consistent with the Gm values.
A second explanation of the discordant concentrations of Detailed analysis of the SP and STR families provided information on the nature of the possible genetic defect (Figs.  1 and 2 ). Allelic imbalance appeared in three generations. In family SP, the serum of the mother of the affected man, II, had a very low concentration of Gm(a) and an excess of Gm-(f); the paternal serum was homozygous for Gmf and had normal values. The small amount of IgGi chains present in the proband's serum contained 2 to 3-fold more Gm(f+) than Gm(a+) IgG. Of the proband's five children (IIIi_5), two of three heterozygotes had allelic imbalance in opposite directions, while the remaining children had normal Gm measurements. The phenotypes in SP do not permit us to exclude the possibility that the father (12) contributed an abnormal Gmf gene, which in turn was transmitted to child III1. Another explanation is that a regulatory (quantitative) defect is independent of the Gm structural genes. In contrast to family SP, in family STR both a parent and a child of the affected had depressed amounts of Gm(a) in their sera.
The presence of normal Gm values in many children and parents of probands is a general observation noted in this study. Seven of ten heterozygous children, three of four siblings, and three of six heterozygous parents, had normal Gm serum values (Table 1) . Since most of these relatives would be obligatory carriers if the disorder were determined by two defective structural genes, these data are of critical importance, and weigh against a recessive mode of inheritance.
Not only were the gene products of antithetical genes (Gma and Gmf) at the IgG1 locus examined, but also the concentrations of Gm(b) and Gm(g) at the IgG3 locus. In III, of family SP, Gm(b) was lower than Gm(g); this was the only serum in the study group in which this was found. This is of interest, since Gm(a) was elevated in this serum, and Gma and Gmg are linked in Caucasians. The remaining samples have Gm(b) > Gm(g), as is characteristic of normal sera (11) .
The RU family appears to constitute a special situation and probably reflects the heterogeneity within the present, admittedly unsatisfactory, clinical classification of "variable immunodeficiency." The low amounts of IgG, IgA, and IgM in many of the relatives suggest that they are carriers, but this could not be confirmed for IgG by study of the allotypes of informative heterozygotes. The striking lack of aberrations of Gm concentrations in this pedigree, in comparison to the other principal families, serves as a control in some respects.
Other immune aberrations previously described in association with primary hypogammaglobulinemia were noted in these families, in particular the deficiency of IgA. The possibility of a recessive structural gene abnormality was analyzed in heterozygous relatives; they would be obligatory carriers if such a theory were correct. Evaluation depends on the measurement of both the concentration of the products of the allelic genes and the determination of the balance between alleles. Since gene products of both allelic genes can be distinguished, even a single deficient gene should present unambiguous data in carriers. Although over a quarter of the relatives had abnormalities, this is lower than the 75% plus figure needed to fit a simple recessive structural gene hypothesis. Yount et al. (13) , as well as other workers, have noted that in certain pedigrees an affected proband may transmit the capacity to synthesize qualitatively and quantatively normal IgG1 molecules. A final objection to the presence of abnormal structural genes is the large number of loci that determine the synthesis of immunoglobulins. It is difficult to explain how several structural loci could be affected.
In view of the difficulties inherent in any structural gene hypothesis, a regulatory gene abnormality must be considered. Supportive evidence includes the quantitative rather than qualitative nature of the abnormality noted in relatives in this present study, the limited rather than absent immunoglobulins found in all patients with hypogammaglobulinemia, the reports of reversible Gm genome suppression (3), and the selective involvement of IgG loci and allelic genes (13) . Useful data are suggested in a recent report of partial aminoacid analysis of H(heavy) and L(light) immunoglobulin chains of five patients with adult onset of hypogammaglobulinemia (15) . The postulated defect could involve regulator gene sites affecting "cis" loci or immunoglobulin gene "repressors" or "activators" that show allelic specificity. There is precedent for defects in regulatory mechanisms from the detailed work of Jacob and Monod on bacteria, but in mammals the action of such genes remains speculative (16) . The present data extend current knowledge by emphasizing that quantitative rather than qualitative abnormalities predominate in these families. In view of the complexity of the regulation of immunoglobulin production, further data on antibody synthesis by the contiguous genes for IgG heavy chains is required.
The involvement of Gma in one generation and Gmf in another generation of the SP family suggests that the presumed quantitative problem can segregate independently of the Gm genes. This unproven possibility would explain some of the present inconsistencies in current genetic interpretations.
It is clear that this poorly defined form of hypogammaglobulinemia includes several different clinical entities. The present data suggest that in some families the defect is a complex genetic problem involving control by regulatory genes.
